December 17, 2021

Dear Dr. Jana,

We are honoured that the reviewers have considered the interest of our protocol for a publication in the Journal of Visualized Experiments. We would like to thank you and the reviewers for your constructive comments that have substantially improved the paper.
We hope that we have satisfactorily addressed the different points and that the revised manuscript is now acceptable for publication.
Below you will find our answers to the editorial comments and to the reviewers’ comments.
Among the main changes:
· [bookmark: _GoBack]We have added some discussion regarding the practical limitations of the protocol/instrumentation.
· We have performed an additional experiment to further validate the reproducibility of the method, shown in a new supplementary Figure S2.
· More detail was added to the protocol steps to answer the “how” question, and the protocol was clarified to contain only 2-3 actions per step.
A revised version of the manuscript with tracked changes is provided, along with a revised version of the table of material and the individual files for all supplementary Figures and Tables.

Sincerely,


Editorial comments:
Editorial changes to be made by Authors:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
Done.
2. Please revise the text to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.).
Done. Please note that we have left personal pronouns when refering to our previous work in the abstract and introduction.
3. Please remove the journal citation, commercial instrument name, and numbering within the Abstract. Rephrase the Abstract into a single paragraph clearly stating the goal of the protocol.
Remove citation, commercial instrument name and numbering: Done.
Rephrase the abstract: From our point of view, the goal of the protocol was already contained in the abstract. We have modified the phrasing to highlight which part is the actual goal.
4. For in-text formatting, corresponding reference numbers should appear as numbered superscripts before the punctuation.
Done.
5. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™), registered symbols (®), and company names before an instrument or reagent. Please remove all commercial language from your manuscript and use generic terms instead. All commercial products should be sufficiently referenced in the Table of Materials (e.g., Waters Corp., Falcon, Eppendorf, MassLynx 4.2).
Done. Note that the term ‘MassLynx’ occurs once in a click-button command and was left as is in this case.
6. Please use Calibri font throughout the manuscript and highlight all the windows, menus, and commands in Bold (non-italic).
Done.
7. Please ensure that all text in the protocol section is written in the imperative tense as if telling someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). Avoid usage of phrases such as “could be,” “should be,” and “would be” throughout the Protocol. Any text that cannot be written in the imperative tense may be added as a “Note.”
Done.
For the detail of information moved to notes, see point #9 where all modifications applied to the protocol are described.
8. Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e., how is the step performed?
a. Step 1.2: Please specify the amount (in mg) of carbohydrate used.
Done. 1 mg.
b. Steps 2.1, 3.2: Please include details of pages, tabs, etc. associated with putting the instrument in the desired mode.
Step 2.1. Specified ‘MS tune page’
Step 3.2. Specified that this must be done from the MS tune page
c. Step 2.2: Please mention how to infuse solutions in the ion source.
Added a note to specify that this must be done through the fluidics system of the instrument.
d. Step 2.3.1: is a syringe pump used for infusing? how to control the flow rate? Please provide details.
Specified that this must be done through the fluidics system.
e. Step 2.3.3: Please rephrase the text to contain action steps in the imperative tense. Also, please mention the tab containing the specified events in italic.
Done.
f. Steps 2.3.4, 2.4: Please provide button clicks for recording acquisitions.
Done.
g. Step 3.3: Please provide details of a tab or field for entering the selected mass of the ion.
Done.
9. Please simplify the Protocol so that individual steps contain only 2-3 actions per step and a maximum of 4 sentences per step. Please use a single line spacing between steps and sub-steps of the protocol.
Step 2.2.2 split in 2.2.2 + 2.2.3
Step 3.4.3. Description moved to a note
Step 3.4.4. Description moved to a note
Step 4.1. Description moved to a note
Step 4.2.1 phrasing changed to 4 sentences
Step 5.2.1. split in 5.2.1.1. through 5.2.1.5.
Step 5.3. split in 5.3.1. through 5.3.4. + description moved to a note in 5.3.1.
Note that from a mass spectrometrist point of view, it is usual to have a single action containing multiple clicks in the control software.
10. Please move websites to the Table of Materials and refer to it in the manuscript wherever required.
Done.
11. Figures 4-6: please include one-liner titles in the legends.
Done.
12. Figure 7: Please obtain explicit copyright permission to reuse any figures from publication. Explicit permission can be expressed in the form of a letter from the editor or a link to the editorial policy that allows re-prints. Please upload this information as a .doc or .docx file to your Editorial Manager account. The Figure must be cited appropriately in the Figure Legend, i.e. “This figure has been modified from [citation].”
We certify that Figure 7 has not been reused nor adapted from the previous publication. One of the two spectra shown in Figure 7 is part of the data used in our previous study, but the spectrum itself was not included in any graphics or figure. As such, it is not subject to copyright of the ACS.
13. Please remove numbering in the Discussion section.
Done.
14. Please submit individual Supplementary Figures and Supplementary Tables as separate files to your Editorial Manager account. Include the corresponding legends in the Figure Legends section of the manuscript.
Done.

____________________________________
Reviewers' comments:
Reviewer #1: 
Manuscript Summary:
The authors describe a protocol for analyzing a lithiated pentasacharide using IMS/IMS on a Waters Select cIMS, and the associated data processing. Overall, the paper is well-written and easy to follow (even though I have only used the cIMS on one occasion). I suggest acceptance following minor revisions below, mostly making mention of some practical limitations of the current instrumentation/protocol.

Major Concerns:
1. P4 L 98: "increase nearly infinitely" - Nice in theory, but the length of your separations will always be limited by your (1 m) path length. This practical limitation should be mentioned, especially as it pertains to different mobility ranges; for example, species with very similar mobility will be able to undergo considerably more passes before lapping, than those species with very different mobility. Is there a practical limit you have observed? 50 m? 100 m? You could also mention that increasing that path length of a single pass (i.e., 13-m SLIM) could accommodate a wider range of mobility.
We have specified in the introduction that this is theoretical:
“The cyclic IMS cell theoretically allows increasing near infinitely the drift path length”
We have further discussed the limitation of the 1-m separation in the discussion (see below). 
Note that the problem of different mobility ranges is not a major concern for the separation of different species, as species with a different mobility can be sequentially ejected from the mobility cell until only the species of interest is selected with a high resolution. As such, we have previously been able to perform separations over 100 m on standards.
The single-pass length limitation is thus mainly a concern when performing an IMS separation over a wide range of ions, for instance here the fragments in IMS/IMS. This limits the separation to a single pass, as it is practically impossible to keep all fragments in the same pass otherwise.
“Second, when performing the initial separation, the user must make sure that all ions are undergoing the same number of passes around the Cyclic ion mobility cell. This is an important and tricky aspect of ion mobility separation in a cyclic device. An erroneous evaluation of the number of passes for a given ion may lead to an improper identification and interpretation of the peaks. Controlling the number of passes of different ion populations can be tricky owing to the relatively short single-pass length (ca. 1 m), and species with very different mobilities can quickly overlap. Especially, a peak can split between two different passes if the array switches direction when this ion population is passing through (this is relatively easy to identify: the split peak will appear sharper with a population right at the beginning of the Eject and Acquire event). […]
Fourth, the user should be careful in generating the fragmentation spectrum, and notably in selecting the appropriate collision energy, especially if the voltages are tuned manually. Indeed, excessively lowering the Array Offset voltage can negatively impact the overall ion intensity by hindering the reinjection. In addition, the precursor and fragments might span over a wide range of mobilities. Thus, they will rapidly undergo a different number of passes if the final separation time is high, so it is important to keep a 1-ms Separate event as explained in point 2.3.3. This is a major limitation since the single-pass length is relatively short, limiting the single-pass resolving power to ca. 100 for oligosaccharides27. In this respect, an increased path length in a single pass would be beneficial (i.e., the TWIMS-based Structures for Lossless Ion Manipulation or SLIM, with a path length of 13 m28). The SLIM setup was launched commercially very recently29.”
2. There should be a practical discussion of fluctuation in temperature/pressure as a function of separation length. How reproducible are arrival times for a given species, such as your sugar, when the same experiment is repeated several times? What about day-to-day variability?
We have added some discussion about the relationship between pressure, temperature, and length in IMS in the introduction (to date, we have not observed any phenomena of collisional heating during cIMS separation of oligosaccharides):
“The low-field methods allow access to a so-called Collision Cross Section (CCS), a property of the ion-gas pair that represents the surface (in Å² or nm²) of the ion that interacts with the buffer gas during the separation. CCS is theoretically instrument-independent, and is thus useful to generate data that can be reproduced between different laboratories. Ion mobility separations can be impacted by various parameters, and notably by fluctuations of the gas pressure and gas temperature in the mobility cell. The CCS calibration is a way to remedy this, as both the calibrant and the species of interest will be similarly affected13. However, it is mandatory to install the instrument in a temperature-controlled room and to have a reliable gas pressure control system.”
Regarding pressure, the cyclic IMS operates at 1.75 mbar of N2. Regarding temperature, the Cyclic IMS unfortunately does not give a readback of the temperature in the drift region. To limit the variations in gas temperature, we have placed our instrument in a thermostated lab (20 °C). All of this has been specified in a note placed at the early steps of the protocol:
“NOTE: For the best reproducibility, the voltages in the IMS cell need to be completely stabilized. Turn on the high voltages and let the instrument stabilize overnight before any cyclic IMS analysis. Furthermore, the pressure and temperature in the ion mobility cell must be kept as constant as possible. A readback for the pressure is available in the “Vacuum” tab, but no readback is available for the temperature. Keep the instrument in a thermostated lab. The instrument used in this work operates at 1.75 mbar in a lab thermostated at 20 °C.”
Finally, we have evaluated day-to-day variability by repeating the IMS/IMS experiment for XA2XX. The arrival time distributions are presented in the new Figure S2, illustrating the high repeatability of the measurement. Indeed, no peak in the IMS/IMS spectrum of XA2XX shifted by more than 0.2 ms after 95 days.
3. I am concerned about CCS measurement for multi-pass separations. Are you including your calibrant ions in the same sample, or doing separate measurements? If the latter, how sure you can be there is no fluctuation in temp/pressure that could influence arrival time (see previous comment)? Does performing longer separations require calibrants with a narrower mobility range to both (a) still bracket your ions of interest, and (b) not lead to lapping of the calibrants?
In this protocol, we only perform CCS calibration for the final IMS/IMS spectrum, which was limited to a single-pass separation because of the above-mentioned limitations (see also our answer to question 1). As such, we are not performing any multi-pass CCS calibration, but it would indeed be tricky to calibrate a wide range of ions such as in the fragmentation spectra over multiple passes. Probably, a judicious choice of the calibrant would then be necessary in order to both bracket all the fragments and avoid the wrap-around, like the Reviewer said. In the arrival time distributions shown in the paper, the peaks are annotated with their arrival times (in ms). This has now been specified in the figure legends.
Regarding the calibrant, we use a commercial calibration mixture (Waters majormix). We acquire two IMS-MS spectra of the calibrant (independently from the samples to avoid ionization competition and any ion-ion interaction). We use one acquisition for the calibration and the other as control to check the consistency of arrival times/CCS between independent acquisitions, as shown in steps 2.3. and 5. of the protocol, and in Table S2.
4. You mentioned these networks (IMS-MN) but then make no discussion of this in the protocol and/or in the Discussion. An appropriate discussion should be included, otherwise you can simply mention that you don't consider the IMS-MN in this protocol paper.
The objective of this protocol is in fact not to build networks, but rather to explain how to generate IMS/IMS data, that users can then use to build networks—or for any other application of their choice. We have added the following statement in the manuscript, at the end of the introduction:
“[…] In order to complement this publication and help Cyclic IMS users implement this workflow, this protocol provides a complete description of the protocol used to collect the data. This protocol focuses only on the generation of the IMS/IMS data that users can then use to build IM-MN networks (like we did in a previous published work21)—or for any other application of their choice. Building of IM-MN will not be considered herein, as protocols for molecular networking are already available22. The crucial points that must be followed to generate valuable and reproducible IMS/IMS acquisitions are highlighted. […]”

Minor Concerns:
- P4 L90: There were actually two Clemmer papers that should be cited, both in Analytical Chemistry in 2006, one by Koeniger (referenced) and the other by Merenbloom.
The missing reference has been added.

Reviewer #2: 
Manuscript Summary:
Describing this new separations protocol using the Synapt cyclic IMS is certainly a unique application and this will be available to help new users to apply this type of method. The article is well organized and described and I recommend publication of the article and video. Overall, the manuscript does not need any major changes just a few minor typos I noticed as reading through.

Major Concerns:
None

Minor Concerns:
Typos
Line
140 1.2. In an Eppendorf tube, weigh a low-mg amount of the carbohydrate.
Corrected
217 multitude of low-abundance peaks in-between isotopes.
Corrected
600 case with MS/MS spectra. Note that our current approach
Corrected
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